Six novel heteronuclear derivatives of boron have been synthesized by the equimolar reactions of mononuclear derivatives, B[{0C 6 H 4
INTRODUCTION
Inspite of significant developments in the chemistry of homonulear boron complexes containing salicylaldiminate ligands 1 " 4 , the heteronuclear derivatives of boron continue to be elusive even today. Recently in our laboratory considerable work has been carried out on hetrobimetallic derivatives 5 derived from chelating compounds such as glycols, di-and tri-ethanolamines. The synthetic procedure for such derivatives has been the exploitation of the enhanced reactivity of the coordinated hydroxy group (s) of these chelating molecules. The heterobinuclear derivatives derived from polyhydroxy alcohols have shown interesting reactivity and structural freatures 5 . In view of the above, we report in this paper the results of our investigations on heterobinuclear salicylaldiminate derivatives of boron containing Al, Ti or Nb.
MATERIALS AND METHODS
Solvents (BDH) were purified and dried by standard precedures 6 . Schiff bases 7 HOC« i H4C(R l )=NCH 2 CH(R)OH(LH,) where LH 2 = L'HJ (R = R 1 = H), L 2 H 2 (R = CH 3 , R 1 = H), L 3 H 2 (R = H, R 1 = CH 3 ), and L 4 H 2 (R = R = CH 3 ) were prepared by the equimolar condensation reactions of salicylaldehyde and appropriate amines 7 . Isopropoxides of boron, aluminum, titanium, and niobium have been prepared by literature methods 5 3 solutions were recorded on a JEOL FX 90Q spectrometer. Η NMR spectra (300 MHz) of 1 samples have been recorded in CDC1 3 on Brucker DPX 300 MHz.lR spectra (4000-200 cm" 1 ) were recorded as Nujol mulls on a Nicolet Magna 550 spectrophotometer, using Csl optics. Molecular weights were determined ebullioscopically in benzene using a Gallenkamp ebulliometer.
Preparation of precursor boron complexes B(L)(LH)
As the synthetic procedures for the new homonuclear complexes of boron are the same, the preparative details are being given only for the complex (lc), while analytical and preparative details for (la), (lb), (Id) are summarized in Table 1 .
Preparation of (lc)
The reaction mixture containing 1 : 2 molar amounts of B(OPr') 3 (1.84 g, 9.78 mmol) and the Schiff base (L 3 H 2 ) (3.50 g, 19.52 mmol) in benzene was refluxed for 26 h. Isopropyl alcohol liberated during this reaction was continuously fractionated and estimated (by the oxidimetric method) periodically to monitor the progress and completion of the reaction. When the azeotrope showed the presence of negligible amount of isopropyl alcohol, the reaction was stopped and the excess of solvent was removed under reduced pressure to afford a yellow solid. The compound was recrystallized from a 1 : 2 mixture of toluene : n-hexane at -20 °C to give the analytically pure compound in 98.56% yield. A similar procedure was also used for the synthesis of (la), (lb), or (Id). Analytical details and some physical properties of the compounds la-Id are listed in Table 1 .
Preparation of (2c)
A benzene (50 ml) solution of AI(OPr') 3 (0.66 g, 3.23 mmol) and (lc) (1.18 g, 3.22 mmol) was refluxed for 12 h, the liberated isopropyl alcohol was fractionated and estimated (0.1936 g) at regular intervals. After completion o:' the reaction, the volatile components from the reaction mixture were removed under reduced pressure to yield a light yellow solid, which was recrystallized in 99% yield from a 1 : 2 mixture of toluene : n-hexane at -20 °C. Adopting a similar procedure, derivatives (2a), (2b), (2d), (2e) and (2f) were also prepared in analytically pure state. Preparative, analytical and some physical data of compound 2a-2f are summarized in Table II . 3 
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Synthesis and Characterization of the First Series of Heterobinuclear Derivatives of Boron
Reactions of (la)-(ld) with Al(OPr') 3 ,Ti(OPr') 4 ,andNb(OPr')5afFord novel heteronuclear derivatives, benzene The new heteronuclear derivatives (2a)-(2f) (Table II) are less moisture-sensitive compared to the parent metal alkoxides. All these are yellow solids, soluble in common organic solvents such as benzene and chloroform and monomeric in benzene solution.
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Infrared spectra
Broad absorption bands assignable to vOH in the precursor derivatives (la)-(ld) which appear at ~ 3464 cm" 1 have been found to be absent in the spectra of heteronuclear compounds (2a)-(2f). Each of these derivatives (la)-(ld) exhibit two absorptions at 1633.3 cm' 1 and 1661.8 cm", assignable to coordinated and non-coordinated v(C=N), respectively. The azomethine group nitrogen on coordination shows only a small (~ 5 cm" 1 ) shift to lower frequency. The C-O fphenolate) stretching frequencies for (2a)-(2f) appear at 1260 cm'
1 showing higher frequency shift of ~5 cm' with respect to that observed in the corresponding precursor derivatives. Appearance of the new weak bands in the precursor derivative in the region ~ 1288 cm" 1 may be attributed 9 to v(B-O) and those at ~ 812 cm" 1 may be due to v(B«-N). In heteronuclear derivtives (2aH2f) additional bands due to v(M-O) 5 
' Η NMR spectra
The X H NMR spectra (Table III) of (la)-(ld) exhibit a singlet due to the residual hydroxy group in the region δ 3.70-4.62 which is absent in the heteronuclear derivatives (2b)-(2f). The derivatives (la)-(ld) show two sets of signals for alkyl protons of the -N-CH 2 (R 1 )CH-0 group, which is interpretable in terms of the presence of both coordinated and uncoordinated C=N groups. The heteronuclear derivatives (2a)-(2f) exhibit two sets of azomethine protons arising from coordination of one azomethine group nitrogen to boron and the other one to a different metal (Figure 1 ). Although two sets of signal are also expected for the alkylene protons, but we get broad signal instead of two distinct sets of signals at 90 MHz. However 300MHz spectrum of 2b shows the presence of two set of signals for alkylene protons. The observed singlet for azeomethine proton 5 in (2a) and (2b) in the region δ 8.38-8.42, exhibits a small (0.13-0.27 ppm) upfield shift compared to those observed in the homonuclear analogues (la and lb). The aromatic ring protons appear as multiplets in the region δ 6.85-7.34. The substituents (Me, Et, Pr') on amino moiety appear in the region 1.22-4.46 with expected multiplicity. (Table IV) in each case provides an additional evidence for the structure (Figure 1 ) and also support the involvement of free C=N group of the precursor derivative in bonding to heterometals (Al, Ti and Nb). A set of two signals for both the gem-dimethyl and methine carbons of isopropoxy groups in heteronuclear derivatives (2a), (2c)-(2f) are indicative of the presence of isopropoxy groups in equatorial and axial positions around aluminium and niobium atoms. The signals due to substituent CH 3 , CH 3 -CH 2 , and CH(CH 3 ) 2 on amino moiety appear in the region δ 64.02-13.99. Table IV. 13 C NMR data (δ, ppm) for heteronuclear derivatives of boron The appearance of signals in the region δ 1.42-3.24 for the heteronuclear derivatives (2a)-(2f) supports the presence of tetracoordinated boron 1 (Figure 1 ).
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Al NMR spectra
The derivatives (2a)-(2d) show 27 A1 NMR signals centered in the range δ 10.4 -15.22, consistent with the trigonal bi-pyramidal geometry (CN = 5) for aluminium 12 ( Figure 1 ).
The titanium and niobium analogues with three and four isopropoxy groups attached to them adopt octahedral and pentagonal bipyramidal geometries, respectively.
